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Antifriction  Properties  of  the  Dispersed  phases 


In  Metal  Sols 


The  antifriction  properties  of  many  metals  and  alloys  are  prin¬ 
cipally  the  result  of  the  detachment,  during  the  initial  contact  along 
the  ruboing  faces,  of  highly  dispersed  particles  which  fora  a  more  or 
less  stable  suspension  in  the  lubricating  oil  /377  to  379/*  With  the 
appearance  of  the  suspension  there  is  a  sharp  reduction  in  wear  and 


In  the  coefficient  of  friction  for  the  contacting  nstalMr  surfaces. 

On  the  basis  of  these  facts,  K.  L.  Barahash  and  E.  K.  Natans  on 
/38c/  suggested  the  introduction  of  lubricating  oils  containing  colloid¬ 
al  metal  add! 1 1  ve s tween  various  contacting  surfaces,  thus  sharply 
reducing  the  wear  on  M  pairs  of  surfaces.  The  authors  were  guided 
by  the  following  considerations .  The  antifriction  properties  of 
rubbing  surfaces  depend  to  a  great  extent  or.  the  physicochemical  state 


of  the  surfaces  and  the  layer  of  oil 


This  section  is  based  on  materials  obtained  Jointly  with  X.  L. 


3arabash  and  Q.  I.  Val'chuk. 


RW97/H? 


which  separates  these  surfaces.  In  the  absence  of  colloidal  metal 
additives,  the  lubricating  oil  usually  forms  adsorbing  solvate  layers 


only  on  the  cor.ta 
oil .ccnsis: a  only 


only  oq  the  contacting  metal  surfaces.  In  this  case  the  lubricating; 
/■ 

only  of  two  solvate  layers  and  a  thin  layer  of  free  oil 


between  then  /38I,  382/. 


«fith  the  addition  of  a  superfine  metallic  powder  —  the  dispersed 
phase  of  an  appropriate  organosol  —  the  lubricant  film  separating 
the  rubbing  faces  chafes  in  structure.  Because  of  the  tremendous 
quantity  of  colloidal  metal  particles  and  because  of  the  formation  of 
2  solvate  layer  of  oil  on  the  surface  of  eacn  particle,  almost  the 
entire  lubricating  layer  is  in  a  solvate  state. 


pure  lubricating  oils  with  additives  of  dispersed  phases  of  organosols 
cf  iron  and  other  metals. 


*CW97/1*2 


2 


-iff 


The  organosols  of  Iron  and  other  metals  in  various  lubricating 

•  * 

oils  vie  re  obtained  by 'the  above  method  and  are  referred  to  at-  setallo- 
colloidal  lubricants;  they  have  been  investigated  by  many  science  and 
research  organizations  and  by  industry. 

The  wear  resistance  of  different  contacting  surfaces  vaa  tested 
by  H.  L.  Barabasn  /38?.>  33V  on  a  specially  designed  disk  machine  which 
kss  equipped  with  devices  fcr  measuring  the  moment  of  friction,  the 
friction  temperature  and  the  3peed  of  rotation  along  the  friction 
surface.  The  author  followed  a  procedure  of  frequently  starting  the 
machine ;  in  this  -.ray  the  testing  time^hic!-  is  frequently  quite  long 

y 

when  high-grade  lubricants  are  vised,  was  considerably  shortened. 

Site  wear  in  samples  was  determined  by  weight .  Here,  the  running- 
in  period  was  not  taken  into  account.  The  following  contacting  sur¬ 
faces  (friction  pairs)  were  investigated  oy  Barabash:  a)  bronze  GTsS 
over  steel  -5,  b)  globular  grey  cast  iron  over  steel  -5,  c)  a  metal 
ceramic  (with  an  iron  powder  base)  over  steel  ^5.  —  ■■  ■  1  — 


■CW97/W2 


l/ 

i)  a  metal/cerauic  over  grey  cast  iron. 


•The  first  two  surface  pairs  are  often  used  as  rubbing  surfaces, 
while  the  last  two  definitely  are-  of  interest  because  of  the  prospects 
of  their  vide  use  in  the  r-a ch ine -building  industry.  In  addition,  saaples 
of  contact  conductor^ which  are  used  in  urban  electrical  transportation 
systems,  were  also  investigated.  The  results  obtained  indicated  thal 
the  of  reduced -friction  surfaces  is  directly  proportional  to  the 

number  of  testing— machine  starts  (within  a  range  of  frca  10  to  50  starts 
rer  hour) .  The  author  clearly  showed  the  reduced  wear  obtained  by 
cieans  of  lubrication  with  (organogel  additives ;  te  also  vtablliM  tfcol 


ttaiw  w  a  roplar  i« iccoaftt  la  *mt  «but  all  of  tb* 


through  *  careful  cleaning  of  the  disk  daring  the  test. 

The  best  result?  (least  wear)  were  obtained  aitt  a  aataX-oaroaie  aarfaea 


ratblnc  ogalsct  fcray  east  irctu 


This  pair  of  surfaces 


was  further  i.'wastigate^ar.d  the  dependence  of  wear  on  sliding  rate. 


spe-cisser.  travel  and  specific  pressure  was  established  for  <20  starts 
oer  hour .  The  tests  also  shoved  that  the  wear  of  a  metallflceranic 
surface  over  globularfcast  *rcn  decreases  with  the  addition  cf  an 
[organosol  to  the  lubricant . 


The  effect  produced  'ey  the  addition  of  dispersed  phases  of  iron 

& 

organosoij  to  lubricating  oils  on  the  wear  resistance  of  the  «ora  and 


wors  rin — the  basic  components  of*  the  soic  gear  at  the  rear  axle  of  a 
trolleybus — confirmed  the  effectiveness  of  such  aeditives,  especially 
of  the  dispersed  phase  of  bisnuth  organosols,  ■which  assure  reduced  wear 


ifc  there  components . 


Similar  ,,-esuits  have  been  obtained  from  the  investigation  of 


•.-.ear  resistance  in  contact  conductors  widely  used  in  electric  trans- 


f  . 

port  vehicles ^trolleybuses,  trolleys,  etc.}. 

Tests  carried  out  along  the  Kiev  trolleybus  route  #  ft  establish¬ 


ed  that  the  addition  of  ^Ne^dispersed-phase  «#  iron  organosol  to  tee 


lubricant,  impregnating  the  lubricant  of  the  me ta ifcscerani c  contacts. 


increases  wear  resistance  by  factors  of  two  to  three. 


The  test  results  obtained  at  the  Ins ti tut  -  of  Structural  Mechanics 

* 

of  the  Academy  cf  Science  of  the  Ukr.  SSS  by  K.  L-  Barabash  and  0. 

I.  Val’chuk  /38 5^/  are  cited  below. 

\ 

Bushing  samples  made  of  modified  MSCh  38 -Go  cast  iron  rubbing 
over  shaft  steel  -;5  (ring)  were  tested  for  wear  on jVtype/Xll machine 
using  conventional  techniques  and  an  K320  oil  at  constant  slip  (v  - 


0.^1  a/sec)  i  the  test  was  repeated  twice:  at  pressure  =  25  fcg/cia* 


2 

and  j>j  =  100  kg/Oa  .  In  certain  cases,  higher  pressures  were  used 
(o.  =  112.5  kg/ca^).  The  wear  was  measured  {by  weight)  every  50,000 
cycles;  the  samples  were  removed  free  the  machine  and  weighed. 


o 


r*ie  effect  on 


The  results  of  these  tests  ax*e  snoxn  in  Pig.  122. 
v?ear  and  friction  conditions  produced,  by  s  lubricant  of  pure  KS20 
oil  and  by  the  same  oil  containing  additives  of  colloidal  iron,  bis~ 

rruth  and  ^Iso  colloidal  brass  and  graphite  v.'as  studied. 

to 
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Fig.  122.  Hear  of  normalized  steel  -5  rubbing  against  modified 

(MCI  38-60)  cast  iron  as  a  function  of  lubricant  pressure,  and* 

specinsn  travel  -  Lubrl cant^"*HS 20  oil  'Kith  additives . 

Cl)  colloidal  iron:  CG)  colloidal  granite?  C3)  colloidal  bismuth ; 

MS)  pure  oil |  the  numbers  near  notation  of  lubricant  type 
v  5 

indicate  pressure  in  kg/eef . 


””  *1^  ?<g.  122 ,  the  over* all  tfear  cf  the  ring  and  bushing  is  plotted 

•faX, 

along  the  axis  of  ordinates  {uniform  scale ).v;hile  specimen. in  meters, 
and  number  cf  cycles  i3  plotted  along  the  azi3  cf  abscissas  (logarith- 


Ihe  year  of  a  steel  o  ring  rubbing ’against  'a* MCI  j6-60  bushing 

Under  2  pressure  n_  =  25  kg/en^,  it  was  established  that  the 

least  wear*  of  a  steel  ^5  ring  rubbing  against  HC-I  3S-60  bushings 

(Pig.  122)  is  obtained  *lth  a  lubricant  containing  colloidal  bisssxth. 

Pure  MS 20  oil  produces  scasewhat  greater  wear.  Approxisately  the  sase 

v.e~r  is  obtained  with  a  lubricant  containing  colloidal  iron,  but 

after  100,000  cycle  wear  begins  to  increase  and  after  150,000  cycles 

it  reaches  the  vc-^r  obtained  with  a  lubricant  cofttatning  colloidal 
• 

£*V**S  t0+  <  +•  A 


O 


Kith  the  fear  produced  by  using  pure  KS2C  oil.  Thera  is  a  sharp  change 


at  a  pres  cure  p  100  kg/cm  .  The  least  wear  is  obtained  by  lubrl- 
catJng  with  colloidal 


10 


Worn*  of  ring  and  bushing,  mg 


iron  (Cl) :  this  is  followed  by  a  lubricant  Kith  colloidal  graphite  and 

the  greatest  wear  is  obtained  in  lubrication  with  pure  KS20  oil.  At 

.  ? 

a  pressure  of  o.  =  112.5  kg/ca  ,  we  have  a  characteristically 


t 


CBr-112.5 


MS— 112-5 
HS-100 


CEr-25 


CG-lOO 

CX-1GG 

KS-25 


CBr-112.5 

CBr-112.5 

XS-112.5 


Specimen  travel 

Fig.  12<.  Dependence  of  the  wear  of  a  codified  MCI  38-60  cast 

iron  friction  pair  on  the  type  of  lubricant,  pressure  and  speciiaei. 
travel.  Lubrication  by  HS 20  oil  containing  different  additives. 


Cl) colloidal  iron,  CO)  colloidal  graphite,  C5)  colloidal  bissath,' 


KS)  pure  oil.  *3ie  nusbers  near  the  notation  for  the  type  of 

J> 

lubricant  indicate  the  pressure  in  Icg/ca  . 


11 


unifora  increase  in  wear  v.ith  an  increase  of  pressure .  Here  it  is 
interesting  to  note  tnat  an  increase  in  pressure  after  400,000  cycles 
(approximately  50  km)  produces  a  sharp  increase  in  wear  when  using  a 
lubricant  containing  crass;  lubrication  with  pure  KS20  oil,  on  the 
other  h  ana  ..a  s  sure  s  a  gently  siooing  curve  for  the  relationship  be- 

y 

tween  wear  and  pressure  over  the  investigated  range  of  specimen  travel — 
up  to  1,200,000  cycles  (about  160  km).  Good  reproducibility  of  in¬ 
vestigation  results  on  an  Ansler  type  machine  is  characterized  by  the 
achievement  of  approximately  identical  values  of  wear  for  the  same 
distance  of  specimen  travel  with  step-by-step  application  of  load 
(carves  HS— 25  ana  KS— 112.5;  C3r— 25  and  CBr— 112.5)  with  the  appli¬ 
cation  of  considerable  pressure  at  the  beginning  of  the  tests  (curve 
Cbr  •  112.5)  *  Ihe  effect  produced  by  the  composition  of  the  solid 
phase  of  the  cetallo-eolloidal  lubricants  on  the  wear  of  the  given 
friction  pair  is  clearly  disclosed  by  a  comparison  of  curves  Cl — 100,  • 
CG — 100  and  Cbr — 112.5,  which  differ  little  in  pressure  but  producing 
wears  of  different  magnitude. 

The  wear  of  steel  45  rubbing  against  steel  a5  and  copper 
The  tests  serve  the  purpose  of  comparing  the  effect  cf  the 


12 


produces  produced  by  the  wear  of  steel  45  and  copper  «ith  that  of 
the  highly  dispersed  solid-phase  particles  of  brass  organosols  In 
KS-0  Oil  (Fig.  124). 
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Fig.  124.  Sie  near  of  steel  45  rubbing  against  steel  45  and 
copper.  Lubrication  by  KS20  oil  with  and  without  a  colloidal 
brass  (CBr)  additive.  'The  meters  near  the  notation  of  the 


type  of  lubricant  indicate  the  pressure  in  ks/u'f 


A  c caparison  of  absolute  wear  values  (for  the  Investigated 

friction  pairs)  -its  data  froa  previous  wear-resistance  studies  of 

steel  45  rubbing  against  KCI  38-60  (see  Figs.  122  and  123)  leads  to 

% 

the  conclusion  that  pressure^*  the  deciding  factor  when  a  high-grade 
lubricant  is  used  (in  our  case  it  was  MS20  aviation  oil). 

Wear  as  a  function  of  pressure  is  described  well  by  a  fornula 


of  the  fo: 


U  =  a_  log  jj  bj 


14 


Kstre  U  Is  wear  In  ng,  £  Is  pressure  In  kg/cn*^  applied  to  the 
rubbing  surfaces^  ^nd  £  and  b  are  constants  found  fros  experience. 
The  method  for  determining  £  and  b  Is  given  in  /3S3/ ;  for  the 
friction  n&ir .  a  metaJera-Ic  and  globular  grey  cast  iron.  Kith  a 

3  / 

lubricant  containing  colloidal  iron,  it  was  found  that  a_  =  17.258 
and  £  *=  2.726  Hence  for  the  metal  :era?.4.c  — -  globular  grey  cast 
iron  friction  surface  pair  Ke  have 

U  =  17.258  log  £  -  2.726 « 17.3  log  £  -  2.8  ng. 

The  two  constants  say  be  regarded  as  an  indication  of  the  role 
of  two  structural  factors  which  participate  successively  in  the  de¬ 
velopment  of  the  processes  producing  the  vear  of  the  friction  pair. 

The  experimental  material  necessary  to  disclose  the  physical 
craning  of  these  structural  factors  and  to  find  the  quantitative 
relationship  to  determine  these  factors  is  not  yet  available  to  the 
authors.  Therefore,  at  this  stage  we  must  limit  ourselves  to  a 
qualitative  confirmation  of  the  validity  of  the  relationship  given 


in  the  last  column  of  Table  5^- 
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Evidently  sear  is  affected  by  the  surface  shape  ana  structure 
of  colloidal -aetal  particles  introduced  into  the  lubricant;  it  is 
also  influericed  by  the  adsorptive  capacity  of  these  surfaces. 

In  investigations  on  Ansler  type  machines,  the  friction  co¬ 
efficient  of  the  pair  of  surfaces  under  study  and  the  specific  work 
of  friction,  i.e.,  the  work  due  to  friction,  referred  to  the  unit 
of  weight  lost  as  a  result  of  wear  frcsa  sliding  friction. 

Figure  12^  shows  a  curve  of  the  variation  in  the  friction  co¬ 
efficient  as  a  function  of  the  nunber  of  cycles  on  the  saae  machine 
during  tests. 
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of  the  steel  45  (normalized)  friction  surface  sliding  over  cast 
iron  HCI  33-60. 

As  may  be  seen  from  the  data  of  Fig.  123,  at  a  pressure  £  = 

2 

*=  25  kg/ea  ,  the  smallest  friction  coefficient  is  obtained  by  using 
a  lubricant  containing  colloidal  Iron.  The  almost  horizontal  curve, 
for  200,000  cycles,  is  typical  in  this  case.  At  the  above  pressure  a 
colloidal-bismuth  additive  yields  a  higher  coefficient  than  that  ob¬ 
tained  with  oil  to  which  colloidal  iron  is  added. 


Fig.  125.  Dependence  of  the  friction  coefficient  of  steel 
45  sliding  over  MCI  38-60  on  type  of  lubricant,  pressure 
and  specimen  travel.  Lubrication  by  MS 20  oil  containing 
additives .  Cl)  colloidal  iron,  Cd)  colloidal  graphite, 

CS)  colloidal  bismuth,  MS)  pure  oil.  The  number  near  the 
notation  of  the  type  of  lubricant  indicate  the  pressure  in 

p  * 

v3/ca  Qj  “ 


IS 


The  picture  changes  as  the  pressure  increases  fro-ra  25  to  100 
kg/cE^. 

p 

The  smallest  friction  coefficient  {smaller  than  =  25  kg/cm  ) 
is  obtained  by  using  a  collcldal-bissuth  additive .  Colloidal  iron 
and  colloidal  graphite  additives  yield  approximately  the  sane  friction 
coefficients;  these  coefficients  are  somewhat  larger  than  these  ob¬ 
tained  with  pure  MS 20  oil.  It  is  interesting  to  note  that  the  colloidal- 
graphite  additive  yields  the  largest  friction  coefficient;  here  the 
coefficient  is  larger  than  that  obtained  with  pure  MS 20  oil,  even 

p 

when  the  pressure  *  100  kg/cn  . 

A  reduction  in  the  friction  coefficient  is  observed  when  the 

o 

pressure  is  increased  froa  25  to  100  kg/cm-  and  when  the  lubricant 
contains  colloidal  bismuth. 

She  tests  to  dexernine  the  friction  coefficient  of  other  in- 
vestigated  pairs  of  friction  surfaces^ results  which  are  shown  in 
Fig.  126. 

As  was  tc  te  expected,  the  largest  coefficient  wa3  obtained  by 
rubbing  steel  45  over  steel  45.  In  this  case,  colloidal  brass  was 

p 

added  to  MS 20  oil  and  the  pressure  was  raised  to  112.5  kg/ca  .  A 


gradual  Increase  in  the  friction  coefficient  is  noticeable  as  the 
specimen  travel  distance  increases. 

A  considerably  lexer  friction  coefficient  is  obtained  by  rubbing 
MCI  T-8 — 60  over  MCI  38 — Go.  In  this  case,  the  addition  of  colloidal 
brass,  as  opposed  to  lubrication  xith  pure  MS  20  oil. 
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serves  to  reduce  one  friction  coefficient:  substantially.  Thus 

within  this  range  of  specimen  travel  (number  of  cycles),  the  friction 

coefficient  obtained  by  lubrication  with  colloidal  brass  at  a  pressure 
.  o 

of  112.5  kg yea  is  lower  than  the  one  obtained  by  lubrication  with 


pure  KS20  oil  at  a  pressure  of  25  kg /cm  . 


KCI  36-60 
over  KCI  38-60 


steel  45  over  steel  45 


CBr-112.5 


HS-112.5 


MS-25 


C3r-112.5 

CBr-25 


Fig.  12c.  Dependence  of  friction  coefficient  of  steel  «5 


over  steel  45  and  KCI  38-6G  over  KCI  33-60  on  type  of 


lubricant  pressure  and  specimen  travel,  lubrication  with 

*9' 

1 

KS20  oil,  with  colloidal  brass  (CBr)  added.  The  numbers  near 
the  notation  of  the  lubricant  type  indicate  the  pressure  In 
kg/cm2. 

The  curves  of  Fig.  127  illustrate  how  the  specific  work  of 


friction  in  the  surfaces  under  study  varies  as  a  function  of  lubri¬ 


cation  with  pure  KS20  oil  or  with  the  same  oil  containing  a  colloidal- 
metal  additive. 
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MS -12 2. 5 

MCI  36-60 
over  MCI  3S-6O 

steel  <43 
over  steel  45 

CBr-112.5 

MCI  38-60  over 
KCI  38-60 

CBr-112.5  MS-25 


Pig.  127.  Dependence  of  the  specific  work  of  friction  of 
steel  45  over  steel  45  and  HSCh  38-6O  over  KCI  38-60  on 
the  type  of  lubricant,  pressure  and  specimen  travel, 
lubrication  with  MS 20  oil,  with  a  colloidal-brass  (CBr) 
additive.  The  number  near  the  notation  of  lubricant  type 

p 

indicates  the  pressure  in  kg/cn  . 


*hen  KCI  38-60  Is  rubbed  again3t  KSCh  38-60,  lubrication  with 
a  colloidal-metal  additive,  as  compared  to  pure  KS20  oil  lubrication, 
reduces  the  specific  work  of  friction  over  the  entire  range  of  pressure 

p 

from  25  to  112.5  fcs/ca  . 
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On  the  tes is  of  these  results,  the  following  facts  have  been 
established  by  Barabash  and  Yal ’ohuk. 

1.  Kith in  specific  ranges  of  pressure  and  specimen  travel,  wear, 
scecific  work:  of  friction  .and  the  coefficient  of  friction  are  re- 
duced  by  the  addition  pr  the  lubricant  (KS20  oil)  cf  various  metal 
dispersoids  of  the  colloidal  order. 

2.  The  investigation  of  the  steel  45  and  KCI  38-50  friction 

p 

pair  showed,  at  a  pressure  of  25  fcg/ca,  that  the  least  wear  resulted 

from  lubrication  with  XS20  oil  to  which  colloidal  bismuth  (CB)  had 

been  added;  this  wa3  followed  by  pore  55S20  oil,  XS20  oil  with  an 

additive  of  colloidal  iron  {Cl)  and  colloidal  graphite  (CQ).  An 

2 

increase  in  pressure  to  ICO  kg/cm  indicated  that  the  addition  of 
colloidal  bismuth  also  produces  the  smallest  amount  of  wear.  Colloidal 


graphite  and  iron  accelerate  the  running-in . 

3.  The  investigation  cf  the  KSCh  38-60  and  HSSh  38-60  friction 

p 

pair  shoved,  at  a  pressure  of  100  kg/em  ,  that  the  least  wear  re¬ 
sults  with  a  colloidal  iron  additive;  this  is  followed  by  colloidal 
graphite  and  pure  oil.  The  addition  of  colloidal  brass  sharply  in¬ 


creases  the  wear  of  these  surfaces. 


.  The  study  of  iriction  in  the  steel  -5  and  HSCh  38-60 
? "let ion  pair  sho>;ed.at  a  pressure  of  25  kg/cr^,  that  the  smallest 

Jr 

coefficient  of  friction  and  the  least  ’tfoi’k  of  friction  are  obtained 
by  U3ing  colloidal  iron  as  an  additive,  cjhlie  the 


largest  of  these  values  result  free  the  use  of  a  colloidal-graphite 
additive.  An  increase  in  pressure  to  100  kg/ca  yields  a  leuer  co¬ 
efficient  of  friction  when  colloidal  bisruth  is  added  to  the  HS 20 
lubricating  oil;  a  larger  coefficient  of  friction  is  obtained  when 
colloidal  iron  and  graphite  additives  are  used. 

5-  In  order  to  reduce  wear  with  pressures  ranging  fros  25  to 
2 

100  kg/cn  .  it  is  expedient  tc-  use  colloidal  iron  as  an  additive.  At 

rx 

higher  pressures  {up  to  100  kg/eac)  colloidal  bisraith  Kay  be  used  as 
the  additive. 

-  O 

6.  With  higher  pressures  (80  to  100  kg/ca  )  colloidal  iron 
additive  enhances  the  running-in. 

?.  With  properly  chosen  conditions  (pressure,  type  of  oil, 
type  of  colloidal  natal)  for  the  application  of  colloidal -ratal 
lubricants — organosols  of  ratals — it  is  possible  to  obtain  a  differ¬ 
entiated  irproverent  in  the  running-in,  to  reduce  wear  and  heat 
liberation  on  the  rubbing  surfaces  of  uedero  machines . 

Coating  component  surfaces  subject  to  friction  with  thin  filns 
of  the  dispersed  phases  of  organosols  of  petals  is  of  definite  interest. 


it 


It  is  know,  that  tin  is  the  sain  constituent  of  sany  anti¬ 
friction  alloys.  Sie  investigations  by  H.  H.  Stuczinskiy  /336/ 
established  that  when  specimens  of  cast  iron,  coated  with  layers 
of  various  ratals  (tin,  lead,  zinc,  copper,  alusimca  and  others) ^ 

are  subjected  to  friction,  tin,  more  so  than  ether  Eetals.ccnsiaer- 

7 

ably  improves  the  antifriction  properties  of  the  rubbing  surfaces. 
This  property  of  tin  is  explained  by  the  fact  that  it  adheres  well 
to  the  friction  surface  cf  the  basic  seta!  and  exhibits  good  lubri¬ 
cant  adsorption  properties.  Moreover,  tin  also  has  a  lubricating 
effect  on  metallic  surfaces  undergoing  friction.  Studzinskiy 
arrives  at  the  conclusion  that  the  coating  of  the  friction  surfaces 
with  a  thin  layer  of  tin  (about  5  nieruns)  offers  the  possibility 
of  considerably  widening  the  field  of  application  of  cast  iron  as 
an  antifriction  material. 

However,  the  application  of  a  thin  uniform  layer  on  aany  cast 
iron  component  surfaces  presents  definite  difficulties. 

se  assume  that  such  difficulties  can  be  avoided  by  coating  the 
rubbing  surfaces  of  metallic  parts  with  a  thin  layer  of  the  dispersed 
phase  of  the  organosol  of  tin  in  benzene,  stabilized  with  0.3  to 


* 


0.55&  cf  sth /I cellulose .  Component-  preheating  causes  the  car'ocni- 


:aticn  or 


A. 

the  etnflTcell-ali 


ose  and  a  durable  coat  of  tin  is  fofsed  on 


the  surface  of  the  orincical  netal. 


_the  carbon,  in  quantities  of  about  5#  by  weight  of  tin,  usually 
hus  a  lattice  resembling  that  of  graphite  and  should,  in  this 
respect,  favorably  affect  the  process  of  running-in  the  surfaces 
under  friction. 

Films  of  the  dispersed  phases  of  organosols  of  a  number  of  other 
metals  (iron,  lead,  bismuth,  cadmium,  zinc,  copper)  may  be  found  to 
be  suitable  for  such  purposes,  when  verified  experimentally. 


, .  The  Magnetic  Properties  of  the  Dispersed  Phases  of 


Sols  of  MetalB  and  Alloys 


Superfine  powders  of  ferromagnetic  metals  and  their  alloys  are 

•  ‘  ! 

used  in  power  machine  construction,  radio  engineering  and  other 
branches  of  industry;  these  powders  are  mainly  used  in  the  production 
of  permanent  magnets  and  various  induction-coil  cores  used  in  high- 
frequa  .cy  techniques  and  in  radio  instruments. 

*r  ’  '  i 

Such  cores  must  possess  high  magnetic  permeability  and  large 


ohmic  resistance.  In  this  connection. they  are  frequently  made  by 
compactingimixture  of  metal  powders  and  a  dieleotrio,  taken  in  differ¬ 


ent  proportions.  The  individual  metal  particles  in  such  cores  possess 
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high  isagr.etic  permeability,  and  the  eddy  currents  are  localised  in 


each  of  the  insulated  metallic  particles. 


Shelia;  or  various  high-nolecular  compounds  /3S7/  usually  serve 
as  the  dielec  trie .  The  dielectric  in  the  core  should  not  be  in  excess 
«C  9  to  10£.  jfnen 


•  i 


this  amount  is  exceeded,  the  over-all  magnetic  permeability  of  the 
cor-  is  sharply  reduced. 


/ 


For  th>?  production  of  magnetodielectric  one  uses,  for  the  most 
part,  iron  powders  obtained  by  the  carbonyl  method.  Because  powder 
particles  are  nearly  spherical  in  shape,  considerably  less  dielectric 
is  required  for  the  formation  of  surface  insulating  films  than  would 
be  the  case  for  the  formation  of  insulating  films  on  particle  surfaces 
with  shd^  angles  and  projections.  Attempts  to  use  iron  powders  ob¬ 
tained  by  ordinary  electrolysis  have  shown  that  because  of  their 
dendritic  shape,  it  is  extremely  difficult  to  have  the  dielectric 

9 

cover  the  entire  particle  surface  thus  penetrating  every  microscopic 
fissure  and  pore  of  the  powder  particles . 

In  such  cases  it  becomes  necessary  to  increase  the  volume  content*^ 
of  the  dielectric  up  to  40$^ind  this  sharply  reduces  the  magnetic 
permeability  of  the  cores;  it  is  mainly  for  this  reason  that  elec¬ 
trolytic  iron  powders  are  unfit  for  the  production  of  cores. 

It  should  be  noted  that  the  dispersed  phase  of  iron  organosols, 
a  superfine  iron  powder  obtained  by  electrolysis,  is  especially 
valuable  in  tho  production  of  these  cores. 
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Notwithstanding  the  exceedingly  nicroderdritie  structure  of 


such  powder  particles,  their  extremely  developed  inner  surface  is 
completely  coated  with  strong  adsorbing  layers  of  surface-active 
substances  and  a  hydrocarbon  medium,  the  instant  these  are  formed  on 
the  cathode  in  the  two-layer  electrolytic  bath.  When  such  dispersed 
phases  of  iron  organosols  are  used  as  superfine  powders  in  the  pro¬ 
duction  of  cores,  the  above  adsorbing  layers  nay  play  the  role  of 
extremely  f<«e,  hut  strong,  files  which  uniformly  cover  the  entire 
inner  and  outer  particle  surfaces. 

Cores  made  of  dispersed  phases  of  Iron  organosols  will  contain 
a  minimum  of  dielectric  and  should  possess  very  high  magnetic  perme¬ 
ability  and  considerable  ohmic  resistance. 

Superfine  iron  powders  containing  0.5  to  3.856  Hi  sere  suggested 
for  use  as  ferromagnetics .  These  powders  are  made  by  thermal  de¬ 
composition  of  iron  carbonyl  which  in  the  form  of  admixtures  contains 
an  adequate  quantity  of  nickel  carbonyl  in  the  free  space  of  the  heated 
vessel  /3B8/. 

In  a  number  of  countries,  especially  in  the  USA  and  England. sure 

!r 

iron  has  recently  been  used  in  the  production  of  magneto- dielectrics ; 


however,  scene  very  effective  alloys  have  als^  lean  used  for  this 
purpose  /;89/. 

Permalloy — an  iron-nickel  alloy  (?3^  Hi,  21. 5£  Fe)  is  one  such 
ferromagnetic.  The  use  of  a  permalloy  containing  molybdenum  (8l}b 
Hi,  17^  Fe  ana  2Jo  Kc)  is  particularly  widespread  in  the  USA. 


**■ 
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The  ?■  at  ter  possesses  .onslderably  greater  nagnetie  permeability  and 


larger  ohmic  resistance  than  pure  permalloy. 


However,  the  mechanical  crushing  of  such  alloys  into  superfine 
powders  presents  great  difficulties;  therefore,  in  order  to  sake 
then  brittleA special  additives  are  frequently  used. 

Of  great  interest  from  the  viewpoint  of  overcoslng  the  above 
difficulties/  is  the  use  of  the  dispersed  phases  of  organosols  of 
alleys  (of  the  permalloy  type)  in  the  form  of  superfine  powders  ob¬ 
tained  by  electrolysis.  The  expediency  of  U3ing  such  superfine 
powders  in  the  production  of  cores  becomes  perfectly  evident  if 
we  take  into  account  that  the  magnetic  permeability  of  the  cores 
increases  sharply  with  an  increase  in  the  dispersion  of  the  ferro¬ 
magnetic  powder . 

In  recent  times  Investigator©  «a<e  paid  special  attention  to 
the  property  of  ferromagnetics  to  rotate  the  microwave  plane  of 
polarization,  since  many  actual  problems  of  modem  engineering  van 


be  solved  because  of  this  effect.  To  the  present  time  the  above 
effect  was  investigated  mainly  magneto-dielectrics  in  which  the 
size  of  the  distributed  metal  particles  was  in  e/.cess  of  tens  of 


>5 


microns.  In  such  magneto-dielectrics  particle  aggregate  usually  form 


and  these  frequently  come  into  contact  with 


each  other;  this  results  In  large  losses  to  eddy  currents.  The  draw¬ 
backs  noted  above  need  not  take  place  If  dielectrics  containing  the 
dispersed  phases  of  metal  organosols  are  uced;  these  organosols  are 
stabilized  by  surface-active  substances.  Colloidal  particles  in  such 
dielectrics  may  be  present  as  simple  domains.  Their  size  corresponds 
to  the  region  of  spontaneous  magnetization.  In  size,  the  colloidal 
particles  are  equal  to  the  depth  to  which  the  high-frequency  field 
penetrates  the  metal. 

Proceeding  from  these  considerations,  I.  A.  Deryugin  /390/  in¬ 
vestigated  for  the  first  time  the  rotation  of  the  plane  of  polarization 
of  microwaves  by  magneto-dielectrics  prepared  on  the  basis  of  dispersed 
phases  of  organosols  of  metals  obtained  by  an  electrolytic  method 
which  we  have  developed. 

Deryugin's  calculations  of  the  complex  magnetic  permeability  of 
artificial  ferrodielectricB  for  metal  particle  sizes  of  the  order  of 
several  hundred  angstroms  have  shown  that  a  major  part,  over  a  wide 
range  of  frequencies,  is  a  weak  function  of  frequency  and  retains  a 
value  above  unity  up  to  millimeter  waves.  The  imaginary  component 

has  a  maximum  whose  position  is  determined  by  particle  sizes  and. 

A 


On  this  basis  Deryugin  concedes  l/.e  possibility  of  dispersing 
the  structure  in  artificial  ferrodieleetries .  His  investigations  of 
the  rets tier,  angle  for  the  polarisation  plane  as  a  function  of  mag¬ 
netic  field  strength  for  *<raves  of  65,  16,  and  32  nra  and  as  a  function 
of  --article  dispersion  have  disclosed  considerable  rotation  of  the 


polarisation  plane;  this  rotation  is  produced  by  artificial  ferro- 
dielsctrics  ■shen  no  external  magnetic  field  is  present.  The  angle 


of  rotation 


f 


ia  a  functloi^i'organosol  particle  dispersion  (Fig.  128).  For  iron 
particles  several  hundred  angstroms  in  size,  the  spontaneous  rotation 
of  the  plane  of  polarization  for  an  8  mm  wavelength  reaches  60°  per 


1  g  of  ferromagnetic  mass. 


Fig.  128.  The  angle  of  rotation  of  the  plane  of  polar¬ 
ization  as  a  function  of  the  particle  dispersion  of  the 
ferromagnetic  material. 

The  rotation  of  the  plane  of  polarization  is  a  weak  function  of 
the  external  magnetic  field.  The  latter  indicates  that  the  internal 
fields  which  bring  about  spontaneous  rotation  carry  the  effect  almost 
up  to  the  point  of  saturation. 

No  spontaneous  rotation  is  observed  when  the  size  of  the  iron 


particles  is  of  the  order  of  tens  of  microns. 


Deryugin  also  established  that  the  rotation  of  the  plane  of 
polarization  Is  directly  proportional  to  the  concentration  of  the 
ferromagnetic  mass  In  the  ferrodielectric  and  depends  on  the  frequency 
of  electromagnetic  radiation. 

As  a  result  of  thorough  Investigations,  Deryugin  developed  a 
new  principle  of  obtaining  weakly-reflecting  load  elements  which  are 
easily  controlled  with  respect  to  frequency;  this  principle  is  based 
on  the  utilization  of  resonance  absorption  in  the  highly  dispersed 
particles  of  ferromagnetic  metals  and  alloys.  The  half -width  of  the 
absorption  band  ^  H  is  large  because  of  the  losses  of  the  demagnetizing 
and  other  factors,  and  also  because  of  the^ dispersion.  This  effect 

T  »'*  '  ’  ' 

is  strongly  dependent  on  the  dispersion  of  the  organosol. 

■  v  • 
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Deryugin  also  proposed  a  method  of  preparing  nonreflecting 

elements  in  the  form  of  an  artificial  magneto-dielectric  made  of 

/  * 

highly  dispersed  phases  of  ferromagnetic  metals  and  alleys  dis¬ 
seminated  in  polys^rene,  plexiglasjjjf  rubber  and  6ther  dielectric 
materials,  and  he  has  established  that  under  certain  conditions  the 
half -width  of  the  absorption  curve  may  be  anomalously  large. 

It  should  be  noted  that  the  magneto-dieleotrics  prepared  on  the 


basis  of  dispersed  phases  of  organosols  of  ferromagnetic  materials  may 
also  bo  used  for  power  control  devices.  . 

magneto-dielectric  alloy  consisting  of  iron,  silicon. 


spread  use  in  Japan.  This  alloy  possesses  high  magnetic  permeability 
and  large  ohmic  resistance.  It  Is  very  brittle  and  mechanically 
easily  crushed. 

Permanent  magnets,  it  is  known,  arc  made  of  highly  coercive 
ulloys.  Magnetic  alloys  possessing  a  high  coercive  force  usually 
consist  of  12.33#  Ni,  5  to  14#  Al,  5  to  20#  Co,  0.1#  Ti,  0.5#  Cu. 

Superfine  powders  of  metalB  and  their  alloys  are  very  valuable 
materials  in  the  production  of  permanent  magnets,  since  the  production 
of  permanent  iMignets  by  casting  presents  great  difficulties  which  are 
due  mainlyAto  the  high  viscosity  of  the  molten  metal  and  the  necess¬ 
ity  of  subsequently  grinding 
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cart-  c f  the  magnet  until  the  required  sizes  are  obtained.  'There - 
fore  in  the  mass  prod'.: e tier.  of  permanent  magnets,  especially  of 
sma'ler  -Ices ,  suitable  ponders  have  been  used  for  a  long  tine, 
aith  respect  to  magnetic  properties,  such  magnets  cannot  be  dis¬ 
tinguished  from  the  cast  variety. 

In  'lest  Gemary  permanent  magnets  are  nass  produced  with 
alloys  of  ainivr  91  (66^  Fe-  22p  Ki,  12J5  Al)  and  with  alniun  120 
alloys  (5855  Fe,  2fi£  Ni,  lH  Al}. 

In  addition  to  alniun,  the  USA  and  England  produce  an  alnico 
alloy  which  contains  9  to  12^  Co,  and  iron,  aluminum  and  nickel. 

The  production  of  pemanent  magnets  froa  superfine  iron  powdera 
with  particoe  sizes  froa  0.01  to  0.1  micron  was  particularly  success¬ 
ful;  a  mixture  of  superfine  powders  of  iron  (70^'J  with  cobalt  (3C£) 
was  also  used  /39/-  An  alloy  of  such  a  superfine  iron  powder  has  a 
coercive  force  of  about  1,000  oersteds. 

Powders  of  an  in to metallic  compound  of  bismuth  and  manganese 
are  recommended  ss  the  material  for  p reducing  efficient  pemanent 
magnets.  This  fusion  results  free  the  sintering  of  the  powders  of 
bismuth  and  manganese,  taken  in  a  ratio  of  83-35:16.65  by  weight. 


r 


mu 


In  an  inert  gas  at  a  temperature  of  700°  in  a  rotating  furnace  /392/. 


nc  have  developed  "the  technology  of  obtaining  magnetic  o-oh- 

0 Jy 

poner.ts  made  by  connoting  superfine  ponders  based  on  Iren  and  the 

try  f*  CCaI!X,rSr.vS  ^^7?  stud^d 

Iron  powders  with  coll.oidal  dispersion  (particle  sites  from 
0.01  to  0.1  microns) ,  obtained  by  the  reduction  cf  iron  formate 
at  a  lov;  tenperature  in  hydrogen,  are  widely  used  for  the  production 
of  rgekalloy”  permanent  nagnets  which  have  a  density  of  4  to  5  g/cn^ 
/393/-  ‘The  coercive  force  of  such  nagnets  nay  be  of  the  order  cf 
1,000  oersteds.  Ho  spurious  currents  appear  when  these  nagnets  are 
used  in  various  devices.  Components  of  superfine  powders  have  nag- 
netic  properties  which  are  not  inferior  to  those  of  nagnets  cade  cf 
costly  special  magnetic  steel;  they  are  less  dense  by  factors  of  two 
to  three,  require  less  basic  costly  materials  and  their  production 
is  considerably  simpler.  These  components  are  needed  particularly 
for  work  with  high-frequency  currents  and  for  precise  control  of 
magnetic  permeability  /3b9/.  However,  in  obtaining  highly  dispersed 
iron  powders  and  in  working  with  then,  we  encounter  serious  diffi¬ 
culties  which  are  mainly  the  resu?  t  of  the  pyrophoric  properties  cf 


these  powders  /395/- 
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aloo  important  to  take  into  consideration  that  the  magnetic 
of  superfine  powders  depend  to  a  considerable  extent  on  the 
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and  structure  of  their  particles  and  these  properties  are  especially 
high  when  the  crystals  are  anisotropic. 

It  is  known  that  magnetic  crystal  anisotropy  is  fairly  high 
when  particles  are  elongated  in  shape,  or  when  strong  anisotropic 
stresses  are  present  /396/.  Ordinarily  such  particles  have  consider¬ 
able  effective  internal  energy. 
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“c  make  highly  dispersed  metallic  powders  suitable  for  molding 
permanent  magnets ,  their  particles  crust  possess  high  anisctrcpi :  energy, 
have  a  high  moment  of  magnetic  saturation  and  a  high  Curie  temperature . 

A  number  of  authors  have  attempted  to  increase  the  coercive  force 
of  magnetic  components  made  of  superfine  iron  powders,  but  they  did 
not  meet  with  success^since  the  heat  treatments  which  they  used  tc 
prepare  such  powders  produce^for  the  most  part,  ^n^eptorica^partlclesj 
shape.  In  this  respect,  our  special  attention  should  be  turned  to  the 
dispersed  phase  of  iron  organosol  obtained  by  electrolysis.  A3  we 
have  already  pointed  out,  tr.is^ar.  iron  powder  dispersoid  of  the  colloidal 
order,  whose  particles  have  a  sharply  defined  cicrodendritic  "tmu-ture. 

Superfine  iron  and  other  ferromagnetic  metal  powders  and  alloys, 
present  in  various  organic  media  in  the  form  of  the  corresponding 


organosols,  may  also  find  a  wide  range  of  application  ir.  the  so-called 


magnetic-powder/ detection  of  defects. 


Ihis  process  it  usually  employed  in  the  inspection  of  various 

x, 

products  made  of  iron  and  other  faercsagnetic  materials;  here  two 


materials;  here  two 


methods  are  used: 


1)  the  products  to  be  inspected  are  preliminarily  magnetised,  after 


which  they  ire  sprinkled  witn  a  suspension  of  ferromagnetic  powder 
and  the  residual  magnetization  of  the  material  is  utilized  to  dis- 
■Icse  the  defects; 

~)  the  products  are  sprinkled  with  a  suspension  of  ferromagnetic 
powder  at  the  instant  at  which  they  are  'under  the  action  of  a  mag¬ 
netic  field. 

The  method  used  depends  on  the  nature  of  the  material,  its  mag¬ 
netic  properties,  the  shape  and  size  of  the  products.  The  inspection 
of  magnetically  soft  steel  components  takes  place  at  the  instant  the 
magnetic  field  Is  applied.  In  most  cases,  however,  we  use  the 
method  of  residual  product  magnetization,  obtained  by  passing  a 
short-duration  electric  current  through  the  product. 

When  the  magnetized  products  contact  the  ferromagnetic  powder 
suspension ^most  of  the  particles  are  attracted  to  the  defective  points 
If  these  are  on  the  surface  layer  of  the  product  and  are  entremely 
thin  cracks  invisible  to  the  naked  eye. 

The  ferromagnetic  powder  particles .which  have  thus  accumulated 
on  the  surface  of  the  product.  Indicate  the  location  of  the  defects. 

The  magnetic  powder  method  of  detecting  defects  is  based  on  the 


'‘9 


•  mm* i 


change  In  magnitude  and  direction  In  the 


flux  of  magnetic  force 


lines  passing  through 


permeability  are  encountered  in  the  path  of  the  magnetic  lines  of 


force.  These  obstacles  are,  in  the  main,  such  defects  as  oracles. 


blow  holes, 


nonmetallic  inclusions,  blisters,  etc. 
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Lines  of  force  are  scattered  at  these  defective  points  and  a  sharply 
expressed  magnetic  field  nonuniformity  becomes  evident.  Biese  circum¬ 
stances,  for  the  most  part,  are  responsible  for  the  accumulation  of 
ferromagnetic  powder  particles  in  the  defective  areas  /397/» 

It  should  be  taken  into  consideration  that  the  defects  are  par¬ 
ticularly  evident  when  they  are  perpendicular  to  the  direction  of  the 
line.s  of*  force.  It  is  therefore  necessary  to  select  magnetization 
conditions  so  as  to  obtain  the  most  favorable  direction  for  magnetic 
force  lines . 

The  location  of  defects  depends  to  a  great  extent  on  the  dis¬ 
persion  of  the  ferromagnetic  powder,  on  the  stability  of  its  suspension 
and  the  nature  of  the  product  surface  to  be  inspected.  Increasing 
dispersion  in  the  ferromagnetic  powder  greatly  enhances  the  powder's 
penetration  into  the  defective  places,  thus  clearly  fixing  these 
points . 

The  stability  of  the  suspensions  muBt  be  such  as  to  prevent  a 
spontaneous  settling  of  a  solid  layer  of  ferromagnetic  particles  on 
the  surface  of  the  product  when  the  suspensions  oome  into  oontaot 
with  the  product  during  the  inspection  of  its  quality.  To  avoid 
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this  v:e  aust  sele  t  the  optisun  concentration 


of  ierrcsagneti:  powder.  a hen  the  concentrations  are  high  such  a 
powder  settles  cut  on  the  surface  of  the  product  under  Inspection 
In  the  fora  of  a  solid  layer:  with  low  concentrations  the  tire  spent 


in  Inspection  is  prolonged  considerably. 

Frees  the  viewpoint  of  dispersion  and  stability  it  is  inportant- 
to  take  into  consideration  that  the  organosols  of  iron  and  other 
ferromagnetic  materials  present  in  different  hydrocarbon  media  are 


the  most  suitable  «*  ^tems  for  using  the  method  of  detecting  defects 


with  powders. 


The  nature  and  condition  of  the  product  surfaces  undergoing 
Inspection  are  no  less  important.  Tne  surface  sust  be  lycphillc 
with  respect  to  the  dispersed  medium;  the  amount  of  stabilizing 
substances — high  molecular  compounds  usually  present  in  the  organo¬ 
sols  of  iron  and  ferromagnetic  alloys — should  be  at  a  gi  nirarr,  and 
would  not  be  an  obstacle  preventing  contact  between  ferromagnetic 
particles  and  the  surface  of  the  products  'undergoing  the  test. 

S»e  surface  of  the  product  undergoing  inspection  should  first 
be  cade  hydrophobic  by  washing  it  repeatedly  with  anhydrous  acetone 
and  aviation  gasoline.  'Treating  the  surface  in  this  manner  results 


>- 


in  the  almost  .'ccpiete 


rerov.l  or  the  adsorbing  layer  of  water  which  is  usually  present  on 
the  surface  of  any  netal  in  contact  Kith  the  air  which  always  contains 
water  vapors.  In  this  case  the  acetone  nolecules  displace  the 
molecules  of  the  adsorbed  water  froa  the  surface  of  the  product  being 
inspected  and  fros  all  nacr-o-  and  nicro-fissures  present  at  the 
surface  of  the  product.  As  a  result  the  surface  beccces  intensely 
hydrophobic  and  this  enhances  its  wetting  by  the  dispersed  redim  of 
the  organosol; 
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It  al3o  enhances  the  deep  penetration  of  the  colloidal  ferromagnetic 


particles  into  the  macro-  and  micro-fissures,  and  also  their  accumu¬ 
lation  in  such  places . 

Figure  129  shows  a  crankshaft  pin  before  and  after  its  inspection 

# 

by  the  powder  method  of  detecting  defects. 


a  b 

Fig.  129.  Crankshaft  pin  before  inspection  (a)  and  after  (b). 
In  using  the  described  method  it  Is  important  to  know  that  on 
surfaces  containing  no  defects  which  could  serve  to  reject  the  com¬ 
ponent,  occasionally  a  thin  ferromagnetic  powder  settles  so  as  to 


This  photo  is  taken  from  the  book  by  A.  V 

f Hvoyvh*) 

.  N.  Fxavoyisklyji  "Inspection 


-7* 

V 

higadlo,  T.  D, 


Kubyshkina,  and  0 


of  aircraft  components 


by  the  magnetic  powder  methodbCj  Oborongi?-.,  1951 ,  p.  75. 
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suggest  th such  defects  are  really  present.  A  similar  phenomenon 
o_-curs  v.ner,  tee  component  surface  Is  not  homogeneous ;  for  example, 
when  there  Is  carbide  striation  in  the  structure  of  the  metal.  In 
such  doubtful  cases. 


the  obtained  results  nrast  be  verified  by  appropriate  nicroanalysis . 


Sie  Use  of  Highly  Dispersed  Ketal  Ponders 
in  the  Machine  Building  Industry 

At  the  present  tire  retal  powders  are  "Kiddy  used  in  the  taCiiltO 
building  industry  for  the  production  of  gear  wheels,  templates,  piston 
rings,  porous  bearings,  ammunition  rotating  bands,  friction  disks, 
electrical  contact  materials,  heat- and  oxidation-resistant  components 
for  jet  engineo,  Various  types  of  hard  alloys  and  a  large  quantity 
of  special-purpose  components . 

Components  produced  by  powder  metallurgy  methods  are  almost 
completely  free  of  the  defects  which  are  observed  in  components 


prodxs  -ed  by  •■'asting  ar.d  which  depend  principally  on  the  crystal¬ 
lisation  process ,  i.e.,  the  transition  of  the  netal  frca  the  liquid 
to  the  solid  state. 

It  is  known  that  powder  metallurgy  methods  are  very  advantageous 
frcn  the  viewpoint  of  simplifying  component  processing  eccncsaizlng 
on  raw  material. 

‘•Jie  vpsr  resistance  of  metal-ceramic  components  is  high;  this 
is  especially  characteristic  for  netal -ceramic  products  first  im¬ 
pregnated  with  oil. 

An  important  advantage  of  porous  products  (e.g.,  porous  iron 
bearings  impregnated  with  oil)  is  their  property  of  nself -lubri¬ 
cation".  In  this  case,  the  highly  developed  inner  surface  of  the 
porous  bearings  is  covered  with  a  layer  of  lubricating  oil.  There¬ 
fore  no  special  external  oil  supply  is  required  for  such  bearings 
and  this  is  extremely  important  for  friction  surfaces  which  are  not 
easily  accessible. 

In  the  production  of  bearings,  2  to  3^  of  graphite  Is  fre¬ 
quently  added  to  the  Iron  powder.  The  graphite  forms  a  suspension 
in  the  lubricating  oil  which  fills  the  pores  of  the  bearings;  the 


suspension,  sharply  reduces  the  coefficient  of  friction  and  inproves 


rfear  resistance  in  the  bearings ,  The  porosity  of  such  bearings  is 
15  to  30£. 


In  addition  to  graphite,  0.5  to  3%  Fo  cr  10  tc  2CKe  -.-fas  added 

A 

to  the  iron  powder  in  the  production  of  porous  bearings.  However, 
this  was  Impractical  since  the  lead  ai«d  copper  did  little  to  improve 
the  quality  of  the  bearings  /39S/. 

At  the  present  tine  porous  bearings  are  impregnated  with  3  to 
73  sol  ten  su.  hir  (by  weight  of  bearing) .  Such  bearings  have  a 
higher  quality  than  ordinary  bearings,  they  are  able  to  operate  under 
a  load  of  up  to  *5  kg/esT  and  at  speeds  of  up  to  75  to  SO  a/ sec; 
they  will  tolerate  a  considerable  increase  in  teraerature  and  do  not 
require  additional  lubrication  /35S/- 

Ihe  ispregnation  of  porous  bearings  with  synthetic  resins  also 
brought  positive  results . 


Porous  bearings .instead  of  cast  bronze,  brass  and  plastic 

/r 

bearings  Axay  be  successfully  used  in  various  branches  o?  the 


machine  building  industry. 


Uig  basic  raw  material  for  the  mass  production  of  cany  fonr-s 
of  netal-ceranic  products  are  iron  powders  obtained  by  various 
methods. 

V* 

Iron  powders  are  now  mostly  obtained  by  reducing  crushed  ore  x 
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nill  scale  v:ith  generator  gas  or  stored  natural  gases  AGO,  401/. 

The  reduction  is  usually  accomplished  in  rotating  furnaces.  Bie 


crccess  croceeds  Quite  rapidly  and  completely, 
passes  through  the 


especially  as  the  gas 
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material  being  reduced  and  swirling  takes  place.  Under  such  conditions, 
ore  or  sc_Ie  reduction  begins  at  the  instant  tne  ore  or  scale  are  sus¬ 
pended  in  the  form  of  dust.  Hie  latter  is  attained  either  by  a  rapid 


rotation  of  the  furnace,  or  by  automatic  vibration. 


Reduction  of  .-rushed  ore  or  scale  In  shaft-type  furnaces  Is 


very  promising. 

Iren  pov;der  production  hy  the  reduction  of  mill  scale  with 
natural  gas  has  been  investigated  in  detail  and  developed  on  an 
industrial  scale  by  I.  H.  Frantsevich,  I.  D.  Radomysel 1 skly  and 
others, at  the  Institute  of  Ketal-ceranics  and  Special  Alloys  of 
the  Academy  of  Sciences  Ukr.  SSR  /4o2/. 

Iron  sponge  is  obtained  by  reduction,  crushed  in  a  harrier  mill, 
ana  the  powder  is  sieved  through  corresponding  screens .  Such  powders 
usually  have  a  content  (in  J$)  which  is  approximately  as  fellows:  not 
less  than  93oy£  Fe  (of  the  total),  not  more  than  0.1J6  C,  not  more 

than  0.4^  Mn,  not  more  than  0.1^  Si,  not  more  than  0.0l£  S,  not  mere 

r\ 

than  0.4^  cf  the  residue  in ^soluble  in  hydrochloric  acid,  including 
Si. 


In  order  to  obtain  1  ton  of  iron  powder  we  need  1.43  tone  of 

scale  and  2, OCX)  c5  of  natural  gas. 

Most  of  these  oowder  ^articles  have  sizes  from  0.15  to  0.25  nsa,^ 

v 

Inis  method  is  characterized  by  a  comparatively  high  yield  from 


,© 


the  basic  equipment  and  by  tne  ease  of  the  process.  Iron  powders 


64 


obtained  by  this  method  almost  SSwrt  cold  harden  and  »® »  n0 
tempering  before  compacting;  this  la  in  contrast  to  the  powders 


produced 


With  Industrial  needs  in  nine,  I.  M.  Frantsevich,  I.  D.  Eado- 
mysel !skiy,  I.  K.  Fedor'*'-'  iko  and  others  /•'•Q3/  developed  the  following 


types  of  powders:  APZhH — for  the  prediction  of  iron-graphite  products 
APZhV — fei-  reduction  in  the  production  of  pigr.er.ts,  APZhF — for  oxy- 


flux  cutting,  APZhD — for  magnetic  detection  of  defects-  These  oowders 

t 


are  easy  to  compact .  High  brick  strength  over  a  wide  range  of 
porosity  makes  uossible  aut  .satic  compacting  under  mass  production 
conditions.  Powders  have  been  found  to  be  perfectly  suitable  for 
o..y-fiux  cutting  and  magnetic -powder  detection  of  defects. 

Of  the  other  methods,  thermal  decomposition  of  iron  per.ta carbonyl 
PeCcOjg.  is  important.  this  method  yields  superfine  and  very  pure 
iron  powders  which  are  mainly  used  for  the  production  of  magnetic, 
vacuum  and  other  types  of  porous  products.  However,  due  to  their 
high  cost,  powders  find  limited  application.  Iron  powders  are  fre¬ 
quently  mace  by  electrolysis  in  which  the  iron  (in  sulfate  or  other 
oaths)  is  deposited  on  the  cathode  in  the  form  of  a  coarsely  dispersed 
powder  or  in  brittle  lumps  wnich  are  subsequently  crushed  mechani- 
celly  and  screened  through  sieves  to  obtain  sufficiently  dispersed 


powders . 
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also  produced  by  wide-spread  nethcds  involving 


iron  rowders  ere 


he  dtorJUailon  of  nolten  iron/ 


cr  Jlten  cast  iron  ara  by  a  mechanical  grinding  operation  in  an 

iT 

eddy  Vi  11 .  in  the  latter  case.  It  is  necessary  to  obtain  frca  the 
iron  a  calibrated  afire,  the  clippings  of  which  are  subjected  to 
crushing . 

It  is  important  to  take  into  consideration  that  the  techno¬ 
logical  properties  of  iron  pcxders  are  largely  determined  by  the 
site  of  their  particles.  In  most  cases  decreased  particle  sizes 
and  increased  ?ic  surface  of  iron  pcxder?  considerably  improve 

nechanical  properties  in  products  made  from  such  powders . 

In  oxy-flux  cutting  when  ponders  are  used  as  t^c  basic  component 
of  the  powder-like  flay  powder  efficiency  increases  as  dispersion 
increases.  This  is  also  true  when  powders  are  used  as  reducing 
agents  in  processes  transforming  vat  dyes  into  vat  sols  (indigo 
into  indigosol)  or  when  they  are  used  in  sagnetic-powder  detection 
of  defects,  etc. 

Especially  premising  is  the  use  of  iron  powder  nix  cures  .  ericas  ly 
dispersed  and  containing  SO  to  85£  ordinary  powder  obtained  by  one 
of  the  above  sethods,  and  20  to  of  superfine  iron  p-owuer  ob¬ 
tained  by  the  carbonyl  nethod  or  by  electrolysis. 
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Superfine  ponders  of  other  sretals  are  used  na inly  as  contact  and 
treking  saterials  and  also  for  the  production  of  hard,  high-melting, 
heat-resistant  snd  scale-resistant  materials  required  for  the  production 
of  „'et  aircraft  components 


and  metal  mating  tools. 

^le't^icsi materials  must  have  2  ox  contact  resistance — 


high  electrical  conductivity,  high  thermal  conductivity,  high  resist¬ 
ance  to  electrical  erosion  and  high  wear  resistance.  2hey  must  be 
corrosion  resistant,  easily  run-in. and  little  tendency  to  stick. 

J' 

feaon.~  contact  materials  there  are  metal— carbon,  pseudo-alloy, 
metallic,  carbide  and  metal -oxides .  In  the  production  of  sliding 
contacts — electrical  motor  brushes, xe  use,  for  the  most  oart,  a 

A 

mixture  of  graphite  ponder  (up  to  75/0  and  copper  (ur  In 

the  USA,  tin,  ainc  and  lead  are  added  tc  such  compounds. 

2ie  German  literature  discusses  the  production  of  electrical 
brushes  from  a  mixture  of  superfine  stiver  and  graphite  pouder-s  ..itfe 


an  admixture  of  copoer. 


The  technology  of  electrical  brush  production  is  simple.  She 
mixture  of  ponders  containing  up  to  S&  cf  graphite  is  compacted  xith- 
eat  the  addition  of  bind_ng  substances.  Pitch  or  other  resins  are 
added  to  the  mixture  being  compacted  'idler,  the  graphite  content  is 
higher.  After  pressing,  the  blanks  are  sintered.  Sic  coking  of  the 

v  Cl>  fi&rt*c/es  c£  #efct#£c,  pc+oJer^  ^ 

resin  or  pitch  then  folio*  and  the  stable  three-dimensional  lattice^p'"^ 
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Medium  output  contacts  are  made  from  a  mixture  of  fine  silver 
and  cadmium  oxide  evaders  /- 0~/-  Such  contacts  have  snail  tendency 
to  stick.  Moreover,  cadmium  oxide  dissociates  at  comparatively  lev 
temperatures  and  this  protects  the  silver  from  tha  effect  of  extrane¬ 
ous  gases  and  causes  the  arc -suppressing  action  of  the  contacts.  The 
electrical  conductivity  of  such  contacts  reaches  955^  of  the  electrical 
conductivity  of  pure  copper. 

High  output  renter ts  (above  1,000  v  and  1,000  a)  are  made  of 
fine  pseudo-alloy  powders  (W  —  Cu,  Ag  —  Ml,  if  —  Ag,  Ko  —  Ag), 
and  also  from  high-melting  metals  (tungsten,  molybdenum}  and  hard 
alloys.  These  contacts  are  unique  because  of  their  high  Belting  and 
vaporizing  points  and  because  of  their  considerable  strength. 

The  very  finely  dispersed  mixtures  for  the  production  of  V  —  Ag 
contacts  are  obtained  by  the  reduction  of  the  previously  precipitated 
tungstate  of  silver  Ag^VG*,. 

The  construction  industries  of  electrical  machinery  in  the 
Federal  Republic  of  Germany,  USA,  Prance  and  other  capitalist 


ccrantries.rake  wide  use  cf  contacts  made  of  pseudo-alloys. 

Contacts  with  a  tungsten  and  molybdenum  base  have  hlgn  electrical 


ccnc-uctlvlty,  strength,  resistance  tc  wear,  welding  and  high  re 
sistance  against  electrical  erosion. 


* 


O 


?ir.e  ueril-eeramic  hard  alloy  powders  are  also  used  widely  in 
the  production  of  metal -cutting  tools. 

The  basic  alloys  arc-  VC  —  Co,  CTi  —  TiC  —Co  and  WC  —  TiC  — 

—  TaC  (HfcC)  —  Co. 

In  the  production  of  machinery  and  instrumental  hard-alloy  cog- 
ponent-s,  fine  powders  of  VC  —  Cc  alloy  are  nost  often  used. 

The  cobalt  content  in  such  systems  varies  within  a  fairly  wide 
range.  Parts  not  subject  tc  impact  loads  contain  6  to  S%  Co;  those 
subjected  to  small  impact  loads — 9  to  12Jf,  those  subjected  to  very 
high  impact  loads — 15  to  255*  Co. 

For  the  production  of  braking  materials,  we  use  a  mixture  of 
fine  powders  of  copper  (6C  to  75%)  j  tin  (5  to  10j£) ,  lead  (6  to  956), 
graphite  (5  to  8jS),  iron  (6  to  1Q%)  and  silicon  {about  0 . C%) . 

Braking  materials  rust  meet  fairly  high  requirements.  The 
products  aade  from  such  materials  must  very  effectively  and  rapidly 
brake  the  rotation  from  a  speed  of  20,000  rpa  to  aero  in  less  than 
0.1  sec.  Ir.  this  case,  the  heating  of  the  friction  disks  reaches  a 
temperature  of  up  to  500  to  600°  and  this  must  be  taken  into  consider¬ 


ation  when  selecting  the  corresponding  powder  mixtures. 


In  conclusion  it  is  necessary  to  note  that  the  high  degree 
of  dispersion  of  the  raw  metallic  powders  in  the  composition  of 
the  ai/.tures  which  are  used  for  the  production  of  the  enumerated 
and  other  metal-eerasl''  components >  favors  a  gr  ‘‘ter  uniformity  in 
their  distribution 


in  the  finished  products-  Therefore  the  physical  anu  mechanical 


properties  of  the  products  are  considerably  improved  and  the  use 
of  the  latter  az  high  temperatures  is  facilitated. 

5-  Corrosion  Resistant  Highly-Dispersed  Metallic  Feeders 

One  of  the  important  tasks  of  powder  metallurgy  i3  to  reduce 
corrosion  in  a  number  0f  metallic  powders.  In  the  storks  by  P.  A. 

He  binder  and  V.  I.  Likhtaan  /^Q5/  it  is  shown  that  the  treatment  of 
metallic  powders  with  solutions  cf  oleic  acid  in  benzene  or  in  .  se¬ 
ll  ne  oil  Improves  their  corrosion  resistance.  The  authors  have 
established  that  the  use  of  such  solutions  as  active  lubricants  in 
the  processes  of  sintering  and  compacting  the  metallic  powders 
facilitates  the  plastic  deformation  of  the  powder  particles,  results 
in  closer  packing  and  the  growth  of  the  contact  surface  between  them. 
The  sintering  of  the  powders  in  the  presence  of  such  active  lubri¬ 
cants  considerably  improves  the  physical  and  chemical  properties  of 
the  products. 

It  was  established  that  protecting  the  particle  surfaces  of 
powdered  ratals  (copper)  against  moisture  by  making  the it-  surfaces 
hydrophobic  through  adsorption  with  surface-active  substances  assures 


e  ccwders  a  las 


-Irg  and  reliable  protection  against  corrosion.  In 
is  ^ase  the  protective  raethoas  should  be  so  selected  as  to  keep  the 
talllc  powders  frees  oxidizing  in  all  stages  of  production. 


Obtaining  superfine  metallic  powders,  as  we  have  suggested,  by 
electrolysis  with  a  two-layer  electrolytic  bath  is  of  definite  in¬ 
terest. 

s'e  have  described  above  the  basic  principles  of  this  method  and 
the  types  cf  electrolyzers  for  obtaining  organosols  and  superfine 
metallic  powders  on  a  large  scale. 

The  metallic  powders  thus  obtained  are  vacuum  dried  after  careful 
removal  of  the  autocue  layer  of  the  electrolyte. 

The  above  method  offers  the  following  advantages  as  compared  with 
ordinal*:;  methods  of  obtaining  powders  electrolytlcally. 

1}  the  surfaces  cf  the  powder  particles  become  hydrophobic  at 
the  instant  they  are  formed  on  the  cathode;  this  considerably  reduces 
the  oxidation  of  the  powders ; 

2)  the  continuous  removal  of  the  centers  of  crystallization  from 
the  area  of  ion  discharge  in  the  metal  and  t be  adsorption  of  the  in¬ 
soluble  (In  water)  surface-active  substances  at  the  surface  of  the 
rotating  cathode  considerably  increase  the  polarization  of  the  latter, 
which  to  a  ocnsiderahle  extent  enhances  the  increased  dispersion  of 
the  deposited  metallic  powders; 
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to  some 


by  varying  the  velocity  of  cathode  rotation  vie  can, 
degree,  influence  the  dispersion  of  the  metallic  powoers  in  the 
process  of  their  formation. 


Sols  of  Metals  in  Contact  with  Rubber  Cement 


k  very  interesting  fact  has  been  developed  from  the  investi¬ 
gation  of  the  stability  of  the  sols  of  superfine  metallic  powders 
(iron,  bismuth,  and  others)  in  various  organic  media:  the  addition 
of  a  comparatively  small  quantity  of  rubber  to  such  systems  increases 
their  stability  hundreds  of  times.  As  it  turned  out  the  colloidal 
particles  cf  these  metals  are  not  completely  insensitive  to  rubber. 

On  their  appearance  in  the  rubber  cement,  they  interact  with  the 
highly  branched  nscrosolecules  of  rubber  and  form  corresponding  ad¬ 
sorbing  compounds.  This  process  is  probably  taking  place  in  two 
directions . 

On  the  one  hand.  Individual  nacromolccules  of  rubber  interact 
simultaneously  with  different  links  with  several  metallic  colloidal 
particles.  Such  an  interaction  takes  place  because  individual  thread¬ 
shaped  saeromolecules  of  rubber,  in  length  frequently  exceed  the 
average  of  metallic  colloidal  particle  sizes  ssny  times.  In  this 
connection  some  sort  of  chainlike  aggregates  of  different  shape  and 


length  consisting  of  several  such  colloidal  particles  bonded  by  In¬ 
dividual  macromolecules  of  rubber  appear  In  the  rubber  cement  contain¬ 
ing  metallic  colloidal  particles. 

On  the  other  hand,  the  second  process  proceeds  simultaneously  and 
no  less  Intensively  In  the  rubber  cement  containing  the  colloidal 


metal  particles: 


the  Individual  colloidal  metal  particles  Interact  simultaneously 
with  the  links  of  various  macromoleculeo  and  bond  them  together. 

As  the  result  of  these  complex  processes#  there  appears  in  the 
rubber  cement  a  structural  lattice  in  which  the  Individual  colloidal 
metal  particles  act  to  bind  the  links  of  various  macromolecules. 

Consequently#  because  of  the  presence  of  colloidal  metal  parti¬ 
cles#  the  rubber  cement  acquires  structural -mechanical  properties. 

This  circumstance  is  especially  clearly  seen  in  studies  on 
changes  in  deformation  as  functions  of  shear  stress  of  rubber  dis¬ 
solved  in  xylene,  before  and  after  the  addition  of  a  superfine 
powder— the  dispersed  phase  of  the  organosol  of  iron.  After  the 
addition  of  such  a  powder#  a  sharply  defined  ultimate  shear  stress 
appears  in  the  system.  Simultaneously  there  occurs  a  considerable 
Increase  in  the  viscosity  of  the  rubber  cement#  and  depending  on 
the  pressure,  the  viscosity  becomes  anomalous. 

We  must  take  into  account  that  such  a  sharp  change  in  the 
properties  of  rubber  cement  take  place  even  in  the  presence  of 
very  small  additions  of  a  superfine  metallic  powder  (0.05  to  0.1j£ 
Fe). 
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nre  svt*>rd  fscts  point  to  the  expediency  of  a  practice!  appli¬ 
cation  c.f  superfine  pouders — dispersed  phases  of  organosols  ci"  petals 
in  the  f cm  of  additives  to  industrial  rubber  eenent.  Such  additives. 


Khich  bring  about  conditions 


6i 


for  the  appearance  of  structure  in  the  rubber  cement,  must  play  the 
role  of  very  effective  rubber  fillers.  They  improve  the  techno¬ 
logical  properties  of  the  cement  and  the  quality  of  the  industrial 

.  r 

rubber  products  obtained  from  the  cement.  In  this  case,  the  high 
colloidal  metal  particle  activity  with  respect  to  rubber  can  be  ex¬ 
plained  to  a  large  extent  by  the  extreme  hydrophobization  of  their 
surface;  this  takes  place  at  the  instant  the  particles  are  electro- 
lytically  formed  and  as  a  result  of  the  adsorption  of  the  fatty  acids 
on  their  surface .  . 

The  chemical  nature  of  the  metal,  however,  also  plays  an  important 
role .  In  this  respect,  the  dispersed  phases  of  organosols  of  z pnfci 
iron  and  bismuth  are  the  most  effective. 

When  the  dispersed  phase  of  some  metal  serves  as  the  additive  to 
rubber  cement,  it  is  necessary  to  ascertain  the  optimum  quantitative 
relationship  between  the  colloidal  metal  and  rubber  in  the  cement. 

This  relationship  determines  the  strength  of  the  formed  structural 
lattice.  Prom  the  standpoint  of  technology,  not  every  structural 
lattice  may  be  suitable.  It  is  important  to  take  into  account  that 
as  the  ratio  of  colloidal  metal  to  rubber  increases  progressively. 
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It  is  also  r.ecessar*  to  ascertain  t is  influence  of  time  on  the 

£,  ‘ _ - 

•f  / 

rnanre  in  the  properties,  ir.dus trial  rubber  product  made  of  cement 

A 

'or.talrinr  as  additives  superfine  ponders — dispersed  phases  of  organo¬ 
sols  of  metals.  Here,  «e  have  in  nind  mainly  the  aging  processes  in 


su-'h  oroduets. 


2!oreover,  the  dispersed  phases  of  organosols  of  certain  metals 

A 

(zinjj.  iron  ar.d  others)  cay  be  utilized  ir  the  production  of  in¬ 
dustrial  rubber  goods  as  one  of  the  components  of  the  rubber  mixtures. 

It  has  long  been  established  that  the  strength  of  rubber  mixtures  in¬ 
creases  Kith  an  increase  in  the  dispersion  of  the  filler.  'The  strength¬ 
ening  action  is  exhibited  mostly  by  fillers  containing  particles  of 
the  colloidal  order  of  dispersion.  The  strengthening  depends  on  the 
specific  surface  of  the  filler  and  nature  of  this  surface. 

For  the  filler  to  act  effectively,  it  is  necessary  that  each  of 
its  particles  be  surrounded  by  rubber  molecules  and  that  the  inner 
surface  of  these  particles  also  be  in  contact  Kith  rubber  molecules. 

The  physical  and  chemical  bases  of  the  mechanism  of  interaction 
between  the  fillers  and  rubber  are  discussed  in  detail  in  the  Korks 
of  ?.  A.  Sebinder,  V.  B.  Kargaritova  and  others  /~0£/ . 


Aoccrdlnsr  to  their  concepts,  on  ordinarily  hydrophilic  surfaces 

of  colloidal  r=etal  particles  which  are  Introduced  as  coononents  of 

the  rubber  nixture,  there  occurs  an  oriented  adsorption  cf  the 

"di^ phi lie"  -ole coles  of  the  surface-active  substances — fattv  acids, 

A>- 

aibun_.,s  and  resinous  substances  ■which  are  present^.' in  the  fora;  of  ad¬ 
mixtures  or  a  special  additive  to  the  rubber  nix.  In  this  case  the 
adsorption  is  referred  to  as  oriented 


<*. 


be  ‘3. use  the  adsorbed  molecules  are  oriented  at  the  boundary  be¬ 


tween  the  -eta  I  and  rubber  so  that  their  polar  group  Is  directed 


toward  the  surface  of  the  metal,  and  their  nonpolar  group — to 


rubber.  Such  an  oride^atlon  is  frequently  accompanied  by  chemically 

* 

fixed  adsorptive  layers.  Because  of  these  layers,  the  surfaces  of 

o 

the  colloidal  metal  particles  become  very  lyophillic  to  the  rubber 
and  tills  favors  the  interaction  of  the  particles  with  individual 
linl_;  of  various  r^'^er  aacrcmolacules  and  the  formation  of  a  strong 
structure . 

In  addition  to  this  general  scheme,  the  strength  of  the  structure 

\ \  --a. 
r* 

of  the  ^rubber  —  superfine  metallic  powder”  system  is  decidedly  £  * 

by  specific  features  of  the  chemical  nature  of  the  dispersed  phase 
of  the  organosol  of  the  metal  present  in  the  system,  dlse  organosols 
of  iron,  air^,  bismuth  and  others,  have  been  found  to  be  especially 
active  in  this  respect. 

It  Is  obvious  that  in  adding  a  dispersed  phase  of  organosol  of 
metal  to  the  rubber  we  should  take  care  to  have  the  colloidal  metal 
particles  distributed  uniformly  in  the  rubber,  and  see  to  it  that  no 
parcieicjf  :.c cumulation  —  "lumps'"  --  should  form  in  the  system. 


v>  =2 &o  bear  In  rind  that  the  interaction  between  rubber 

ana  the  dispersec  phase  of  organosol  of  ns  cal  is  also  Vubaeeuenb-i? 


affected 


■t  » 


fey  otmer  components  ordJ  nariiy  present  in  the  composition  of  rubber 
mixtures,  ana  also  fey  she  sequence  of  mixing  these  components . 

To  avoid  the  effect  of  these  factors,  it  as  expedient  to  prepare 
the  rubber  mixtures  by  maintaining  the  following  sequence:  the  super¬ 
fine  powder — dispersed  phase  of  organosol  of  metal — is  first  treated 
with  an  appropriate  amount  of  stearic  acid  and  then  distributed  uni¬ 
formly  in  sure  rubber;  the  system  thus  obtained  is  thoroughly  nixed 
with  tha  other  ccrponar.ts  ofj rubber  mixture. 

I 

r 

Because  of  this  method  of  handling,  the  surfaces  of  the  colloidal 
metal  particles  become  completely^yperb^Ii.c ,  and  their  contact  anc. 
interaction  with  individual  links  of  rubber  saercaoleeulee  take  place 
■without  any  influence  free  the  other  components  of  the  mixture.  Since 
the  percent  by  volume  of  the  dispersed  phase  of  metal  is  small  com¬ 
pared  to  that  of  the  rubber,  the  latter  forms  a  continuous  external 
phase  —  a  unique  dispersed  medium  —  in  which  the  colloidal  ssatal 
particles  are  almost  completely  prevented  from  interacting  with  ether 
components  of  the  rubber  nix. 

In  conclusion,  we  consider  it  necessary  to  note  that  the  effect 
of  admixtures  of  superfine  metallic  powders  on  the  physical  and  mechani¬ 


cs 


crcoertles  cf  rubber  end  Industrial  rubber  arc-ducts  as.de  fron 


these  coxoers  has,  at  the  crescnt  tine .not  been  fully  Investigated. 

& 
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In  connection  with  the  high  adsorptive  capacity  ci\  petals  Vlth 
respect  tc  admixtures  of  fatty  acids,  albumin  and  resinous  substances 
ordinarily  present  In  natural  crude  rubber. 
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and  a-Lio  with  respect  to  the  unsaturated  bonds  of  rubber  macro¬ 
molecules  ,  there  Is  sufficient  reason  to  assume  that  small  ad¬ 
mixtures  of  a  number  of  metallic  superfine  powders  to  rubber  may 
very  effecti/e.ly  Influence  the  physical  and  mechanical  properties 
of  industrial  rubber  products. 

The  material  written  in  this  section  of  the  book  pointB  to  the 
necessity  of  extensive  investigations  to  ascertain  the  possibility 
of  using  superfine  powders — dispersed  phases  of  organosols  of  many 
metals  —  as  effective  intensifiers  of  the  physical  and  mechanical 
properties  of  industrial  rubber  products.  The  timely  need  of  select¬ 
ing  such  intensifiers  becomes  perfectly  obvious,  if  we  take  into 
account  the  very  much  higher  demands  made  at  the  present  time  on 
the  various  rubber  products  by  the  aircraft  and  automobile  indus¬ 
tries  . 
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